The systematics of 44 species of the Helianthus genus were studied by digestion of total DNAs by three six-base restriction endonucleases (EgnI, EcoRV, and Hind111 ) and by probing with 10 nuclear probes, resulting in a mean number of 63 hybridization signals per sample. First, the number of substitutions, per nucleotide site, between each of the genomes was estimated on the basis of the distribution of 345 fragments between samples, according to the "fragment method" of Nei and Li. These pairwise distances were used to construct evolutionary trees by means of the unweighted pair grouping with arithmetic means and by the neighbor-joining method. The phylogenies produced by these two methods, where all the sections and series defined by morphological classification are separated, mirror the botanical classification of the genus. However, the integration of polyploid species (2n = 4x or 2n = 6x) leads to their artificial separation from the diploids. The separation of H. petiolaris and H. neglectus from the Helianthus section could provide evidence for two distinct lineages of annual species within the Helianthus genus. Second, varimax factor analysis, based on the F matrix, allows separation of species according to the similarity index and gives a plane representation that is close to the morphological classification given by the weighted pair grouping with arithmetic means. Third, the changes in the accuracy of distance estimates according to the number of probe-enzyme combinations used show that 30 combinations produce a general dispersion of ~5% on both sides of the mean value. Model fitting to the decreasing dispersion indicates that 60 probe-enzyme combinations would ensure a dispersion of distance estimation of < l%, even in the case of distantly related species.
Introduction
Botanists have long had difficulty in classifying flowering plants into unambiguous taxonomic groups. The Helianthus genus, which includes the sunflower (H. UY~Y~UUS) is of considerable importance because the sunflower is the second most used oilproducing seed in the world. For the sunflower, breeding programs have three major aims: first, improvement of seed and oil yield, second, improvement of the stability of yield, in particular by the introduction of resistance to diseases or extreme culture conditions (e.g., cold and drought); and, third, the research of new sources of cytoplasmic male sterilities (Leclerc 1969; Whelan 1982; Serieys and Vincourt 1987) . As the two last traits often involve interspecific or intraspecific crosses, it is desirable to Sunflower Molecular Phylogeny 873 define clearly the relationships between the species of this genus in terms of nuclear genetic distance.
The Helianthus genus, defined by Heiser et al. ( 1969) , originates from the North American Continent. It has been recently reconstructed by the analysis of 42 morphological characters ( Schilling and Heiser 198 1) . This classification, based on the phenogram produced by the weighted pair grouping with arithmetic means (WPGMA) method, allows separation of 49 species of this genus into four sections and seven series. It will be considered as a reference for this study. The diploid species H. annuus contains a basic number of 2n = 34 chromosomes. However, some species e.g., H. tuberosus (Jerusalem artichoke), are polyploids, ranging from 2n = 68 to 2n = 102. Natural interspecific crosses between sections have been described, but they have not yet been studied for 27 of the 49 species. Interspecific crosses are the basis for introduction of some economically important traits into cultivated sunflower. For example, interspecific hybrids between H. tuberosus, H. rigidus, H. hirsutus, and cultivated genotypes are rich genetic materials for breeding for Phomopsis resistance (Skoric et al. 1989) . Interspecific crosses are also the most efficient way to create new male sterilities (Leclercq 1969; Anashencko 1974; Heiser 1982; Whelan 1982; Serieys 1984; Serieys and Vincourt 1987) that may permit the use of greater genetic variability in sunflower hybrids.
We therefore investigated the pattern of nuclear differentiation between Helianthus species, in relation to the taxonomic classification. We constructed molecular phylogenies for 44 Helianthus species of this genus, using the distribution of nuclear DNA fragments. It appears that no such exhaustive description of a plant genus has previously been made at the molecular level. This study employs a restriction-fragment approach to analyze nuclear DNA among the Helianthus genus and computes distances between samples by following the "fragment method" (Nei and Li 1979; Nei 1987, pp. 106-107) . The phylogenetic methods used are distance-matrix methods, because of their greater efficiency in obtaining the correct tree (Sourdis and Nei 1988; Saitou and Imanishi 1989; Jin and Nei 1990) ) especially for restriction data (Jin and Nei 199 1) . A second approach helping to distinguish between the major taxonomic units (sections and series) of the Helianthus genus involves the use of factor analysis of the F matrix (Nei and Li 1979) . Factor analysis allows discrimination between the "variables" analyzed (species) on the basis of a correlation matrix. As RFLP data are not continuous and quantitative variables, the Bravais-Pearson correlation coefficient could not be computed. A solution was to compute a fourfold-point correlation coefficient between species or to analyze similarity indexes between samples. The similarity index-matrix is equivalent to a correlation matrix (Dagnelie 1975, pp. 219-222) , so we used the F index of Nei and Li ( 1979) to compute the factor analysis. With the aid of these two mathematical tools (i.e., distance-matrix methods and factor analysis), we propose a molecular classification of the Helianthus genus and compare it with the morphological taxonomy (Schilling and Heiser 198 1) .
A general problem is the accuracy of distance estimation between samples, with particular reference to the number of clones used. A solution is to compute confidence intervals by using a jackknife method. However, this does not give a proper idea of the changes in the distance estimation that occur as a function of the number of probes used. We computed the dispersion of the distance, on both sides of the mean value (coefficient of dispersion), for each combination of probes (one probe, two probes, 874 Gentzbittel et al. . ..) nine probes). The change in dispersion should indicate the change in the accuracy of distance estimation when the number of probes used with three restriction endonucleases is increased. Furthermore, model fitting of this relation could lead to an estimate of the number of probe-enzyme combinations required to obtain a low level of dispersion of the distance estimation.
Material and Methods

Plant Material
One individual per species was collected from the INRA collection at Montpellier (France), with the authorization of Dr. H. Serieys. Green leaf tissue samples (usually 3 g) were stored at -70°C and then were frozen in liquid nitrogen prior to total DNA extraction.
DNA Isolation and Hybridization Analysis
The technique used to extract total DNA from Helianthus tissue is similar to the Rogers and Bendich ( 1985 ) procedure, with minor modifications. Restriction-enzyme digestions of total DNA were carried out, according to the supplier's (Boehringer Mannheim) instructions, with the addition of 4 mM spermidine in the reaction volume. We used three restriction endonucleases -BglII ( AGATCT ) , EcoRV ( GATATC ) , and Hind111 (AAGCTT)-each with six-base recognition sequences that are insensitive to C methylation. When the reaction was completed, 0.4 ng lambda DNA digested with Hind111 was added to the samples, as an internal size standard. The fragments were separated by electrophoresis in a 24-cm-long 0.7% horizontal agarose gel in Trisacetate buffer, until the dye marker (Orange G) was -20 cm from the comb. Size standards ( 1-kb ladder; BRL) were included in one lane of each gel. DNA probes were random-primed DNA labeled, with the addition of 2 ng of lambda DNA in the probe, for hybridization with the internal size standard. Six genomic probes including three rDNA probes (Choumane and Heizmann 1988) , as well as four cDNA clones of sunflower inbred HA89, were used. Molecular hybridizations were carried out by following conventional methods (final stringency 0.2 X standard saline citrate), and autoradiographies were performed for l-5 d, with two intensifying screens, at -70°C. Fragment patterns of the samples were obtained on three different gels for each restriction enzyme used. Nuclear DNA of sunflower inbred HA89 digested with the appropriate restriction endonuclease was placed on all gels to enable, with the help of the internal size standards, the correct alignment of fragment patterns between gels.
For each probe-enzyme combination, the different restriction fragments across all accessions were numbered ( 1,2, 3, . . . , n) in order of decreasing molecular weights. Thus, for each probe, a matrix (X) of DNA fragments (columns) X species (rows) was constructed, using the Microsoft Excel spreadsheet. The global matrix was obtained by addition of the matrices corresponding to a given restriction enzyme. A total of 345 DNA fragments were identified by 30 probe-enzyme combinations. The matrix of the number of common signals between all pairwise comparisons of species (N) was computed as
where X' is the transposed matrix of X (i.e., matrix of species X fragments). Nei and Li ( 1979) , with a computer program developed in our laboratory (Gentzbittel and Nicolas 1990) ; that is, the expected proportion of shared DNA fragment can be expressed by the approximate formula
where G is estimated by the iterative formula
and Gr is a trial value of G. This method of estimating d is valid provided that fragment changes arise from base substitutions and that the distribution of cleavage sites is made at random in a sequence of equal numbers of the four bases. The estimate of d is fairly accurate if it is co.05 (Nei 1987, pp. 106-107) .
Phylogenetic trees were produced by means of the unweighted pair grouping with arithmetic means (UPGMA; Sneath and Sokal 1973, pp. 230-234) (Tateno et al. 1982 ) , and the cophenetic correlation coefficient, rDP (reviewed by Sneath and Sokal 1973) . S, could be interpreted as a measure of the extent to which the branch lengths in the constructed tree deviate from those in the species tree, and So could be interpreted as a measure of the extent to which the constructed tree's branch lengths deviate from those in the gene tree (Tateno and Tajima 1986 ) . rDP compares the inferred distances with the patristic distances. Factor analysis was considered as an exploratory analysis of the relations among individuals (Q techniques). The F matrix (Nei and Li 1979) was used as an equivalence of the correlation matrix ( Dagnelie 197 5 ) , and computation of factor analysis was made by means of Statgraphics (STSC) software, using a varimax method. chosen to test the accuracy of estimations. These pairs of species are closely related species, moderately related species, and distantly related species, respectively, from the morphological point of view. For a given pair of samples, all the possible F values were computed, starting with one probe/three endonucleases and increasing to nine probes/ three endonucleases. This results in 10 values for one probe (clone 1, clone 2, . . . , clone 10; i.e., three probe-enzyme combinations), 45 values for two probes (e.g., clone 1 and clone 2, clone 1 and clone 3, . . . ) clone 2 and clone 6, . . . , clone 9 and clone lo), 120 values for three probes (e.g., clone 1 and 2 and 3, clone 1 and 3 and 4, . . . , clone 2 and 6 and 10, . . . , clone 8 and 9 and lo), 2 10 values for four probes, 252 values for five probes, 2 10 for six probes, 120 values for seven probes, 45 values for eight probes, and 10 values for nine probes (i.e., 27 probe-enzyme combinations). The mean value and standard error of the F index are then computed for each number of probe-enzyme combinations used. The dispersion (V) is defined as I/ = standard error/mean value .
Accuracy of Distance Estimation
It is thus possible, for each pair of samples, to plot the I/ as a function of the number of probe-enzyme combinations (N) used to estimate the F value. Model fitting was generated from the model
and analysis for the full regression was made using Statgraphics software.
Results
Level of Polymorphism in the Helianthus Genus
The interspecific nuclear polymorphism among the Helianthus genus is exemplified by the autoradiographs in figures 1 and 2. The genomic clone pstBD6 ( fig. 1 ) , when digested by HindIII, shows RFLP mainly on minor bands, apart from H. porteri, which differs by an increase of the major hybridization signal. The cDNA clone MS 13 ( fig. 2 ) allows a precise and unique identification of each of the 44 species studied, when digested by HindIII. The 30 probe-enzyme combinations gave a total of 345 bands, with each species exhibiting a mean number of 63.2 bands, The Helianthus species show a polymorphic ratio (i.e., mean number of bands per sample/total number of bands scored) of 0.18, whereas for sunflower inbreds the ratio is 0.73. This ratio indicates a high level of interspecific polymorphism.
Some data suggest that in maize and rice much of the polymorphism is due to insertions/deletions (McCouch et al. 1988) . In general, if polymorphism arises mainly from insertions/deletions, a probe's polymorphism with a given restriction endonuclease implies that this probe will be polymorphic with the other enzymes used; that is, the probability that a probe exhibits polymorphism with two or three endonucleases is much higher than the product of the unitary probabilities of polymorphism with each enzyme. Our results (data not shown) do not show such indications, suggesting that polymorphism within the Helianthus genus results more from nucleotide substitutions than from insertions/deletions. However, because equivalent restriction fragments are detected with the same probe and different restriction enzymes, the amounts of polymorphism detected are not independent. On the other hand, numerous studies (Havey and Muehlbauer 1989; Debener et al. 1990; Miller and Tanksley 1990; Kochert et al. 199 1) have shown that the fragment method of Nei and Li is relatively robust and may be used without major restrictions. Pairwise estimates of nuclear distance for all 44 species were computed following the fragment method. As an example, the distance matrix for the species belonging to the Heliunthus section is presented in Appendix A. For the entire genus Helianthus, the average pairwise interspecific distance (mean number of nucleotide substitutions per nucleotide site) is 0.039 (range 0.0 17-0.074; n = 946 880 Gentzbittel et al. species and that it should not introduce any significant bias into the estimation of distances between species of this genus.
Phylogeny of the Genus
Phylogenetic Methods
The phylogeny produced by the UPGMA method is presented in figure 3 . It does not reflect exactly the botanical classification (see Appendix B), but the following similarities may be noted: The species belonging to the Helianthus section are clustered together, as are the polyploid species of the Corona-Solis series, H. hirsutus (2n = 68), H. strumosus (2n = 68), H. resinosus (2n = 102), and H. tuberosus (2n = 102). The Ciliare series is well defined, and four of the five species of the Angusttjolii series are grouped. Helianthus bolanderi and H. exilis are clustered, which is consistent with the morphological classification of H. exilis, considered as a subspecies of H. bolanderi. These results indicate that, apart from the CoronaSohs series, the UPGMA method groups the majority of the species into the same clusters as does the botanical classificatian. However, the relations between sections and series are not consistent with their relationship defined by the morphological classification.
The phylogenetic network obtained by the NJ method (Saitou and Nei 1987 ) is presented figure 4. All the sections and series defined by botanical classification (Schilling and Heiser 198 1) are found, with minor modifications. The Atrorubentes, Angusttjolii, Ciliares, and Pumili series are very similar in the two types of classification. In addition, the relative positions of the Helianthus section and the Corona-Solis series are identical in the two approaches. Many of the relations described by molecular phylogeny are comparable with those determined by the botanical study: H. mollis is placed, in our classification, at a distance from the Corona-Solis series. This is in accordance with the description of this species, which is considered as little related to the Corona-Solis series. The species H. porteri is classified by Schilling and Heiser ( 198 1) as a Microcephali species. However, the NJ network relates it more closely to the annual species of the Helianthus section than to the Microcephali series. Since H. porteri is the only annual species of the Microcephali section, its position in our classification appears logical. In our analysis, H. longzftolius is related to H. angustzjolius, H. simulans, and H. floridanus, indicating that it belongs to the Angustifolii series. This species, which previously had been classified as belonging to the Microcephali series (Heiser et al. 1969) , was moved, by Schilling and Heiser ( 198 1 ) , to the Angustifolii series. The same is true for H. occidentalis, which Heiser et al. ( 1969) previously had included within the Divaricati series and which Schilling and Heiser ( 198 1) later moved to the Atrorubentes series, a classification that we also find with the molecular phylogeny, The molecular classification constructed using the NJ method exhibits, however, some discordances when compared with the botanical classification. For example, H. carnosus (Angustzjolii series) is within the Helianthus section, H. gracilentus (Ciliares series) is close to the Microcephali series, and H. petiolaris and H. neglectus are considerably isolated from the Helianthus section. An explanation could be that there is a sampling effect, since only one individual per species was examined in our analysis. This hypothesis could be accepted concerning the classification of H. carnosus and H. gracilentus, but the same misclassification ofthese two species was obtained in a previous independent study (Gentzbittel et al.4989 lectus: these species have previously been described as closely related (Rogers et al. 1982) , and this is confirmed by our analysis. However, whereas botanical classification places them within the Helianthus section, molecular phylogeny at both the nuclear and the mitochondrial level (D. Crouzillat, personal communication) isolates these two species. An explanation could be that the annual character, which defines the Sunflower Molecular Phylogeny 883
Helianthzls section, has arisen independently on two occasions, thus creating two lineages of annual species.
Factor Analysis
The result of the varimax rotation of the factor analysis is shown figure 5. The interpretation of such a representation is more difficult than that of a phylogenetic tree. However, a comparison of the order of species along the graph reveals a strong resemblance to the WPGMA classification by Schilling and Heiser ( 198 1) . For example, the Helianthus section and the Ciliares section are located, in the two approaches, at the edges of the graphs. Helianthus petiolaris and H. neglectus are isolated from the pool of annual species (Helianthus section). Globally, there is a good agreement between the classifications based on morphological characters (i.e., WPGMA) and that based on the F matrix (i.e., factor analysis). As these two methods follow different hypotheses and computation processes, the fact that they give almost the same results argues for the validity of the classifications obtained.
Levels of Significance
Each tree-making method is evaluated by computation of SE (i.e., PSD), So, and rDP. These statistics are computed on the basis of 946 values corresponding to all the pairwise combinations and are presented in table 1. The NJ method shows the best performances, on the basis of S,_I and rDP. The deviation from the "theoretical" gene tree is -5%, and the efficiency can be estimated as being -80%. A comparison of the groups obtained by both trees shows the same characteristics: Ciliares and Pumili are monophyletic in both trees, as is most of the Helianthus section (with the exception of H. petiolaris and H. neglectus), and the Corona-Solis series is badly split. Thus it appears that, while the NJ method shows better goodness of fit than does the UPGMA method, the discrepancy of these two approaches with regard to the botanical classification is identical: 6 of the 28 non-Corona-Solis species are misclassified.
Accuracy of Distance Estimations
We computed the changes in V, as a function of the number of probe-enzyme combinations used. chosen. In each case, the change in V was plotted against the number of probe-enzyme combinations ( fig. 6 ). The final situation of the computation (nine probes used with three restriction endonucleases, thus corresponding to 27 probe-enzyme combinations) is shown table 2. Model fitting of the decrease in V was made using equation ( 3) For 30 probe-enzyme combinations that are used at our final stage of analysis, the error in V, on both sides of the mean value, is estimated as being -4.6% for both 
Discussion
Levels of Significance
The molecular phylogeny of 44 species of Helianthus was constructed from the patterns of nuclear differentiation, on the basis of the identification of 345 hybridization fragments. None of the species of HeZiunthus are known to be self-pollinated; thus no biased estimates of nuclear divergences, biases due to the comparisons of self-and cross-pollinated species, are computed. Furthermore, a survey of the probe-enzyme combinations indicates a random distribution of the combinations that are polymorphic. This indicates (a) that the polymorphism of a given probe with a given restriction endonuclease does not imply that the probe will be necessarily polymorphic with the other enzymes used and (6) that polymorphism in the Helianthus genus is largely due to nucleotide substitutions rather than to insertions/deletions. The requisite and adequate amount of information usable to draw secure phylogenies from RFLP data is a general problem. The V of the F values decreased exponentially, and model fitting indicates that the accuracy of distance estimation with 30 combinations could be estimated to ~5% for closely and moderately related species and to < 10% for distantly related species. These dispersions are much lower than the estimates of nuclear divergence between these species (see Appendix A, above the diagonal), leading us to consider that a sufficient level of accuracy for the estimation of interspecific nuclear distance is obtained with 30 probe-enzyme combinations. Furthermore, an increasing of precision of 4% (i.e., V close to 1%) would require a doubling of the number of probe/enzyme combinations (see fig. 7 ) used to estimate nuclear divergences.
The construction of phylogenetic trees by following the UPGMA or NJ methods, as well as factor analysis of the F matrix, leads to classifications of this genus that are almost the same as those determined from morphology ( Schilling and Heiser 198 1) . The UPGMA method provides the basic analysis, because of its good reproducibility in terms of lower topology variation and lower variation in branch length estimation (Tateno and Tajima 1986) . The phylogenetic tree obtained shows identification of groups that correspond to major taxonomic divisions; however, the relations between these groups are not consistent with the relations defined on the WPGMA dendogram, which is largely based on the morphological classification (Schilling and Heiser 198 1) . An examination of the patristic distances versus observed distances indicates a nonlinear relationship (data not shown), particularly the highest values of observed distances. This could introduce significant misclassifications, especially for the largest distances, such as those among the major subdivisions (i.e., sections and series). The NJ method, which requires less computer time, leads to a genus description that agrees with the divisions defined by morphological study. Analysis of the performances of the NJ method, when used on our data set, indicates satisfactory tree reconstruction (rDP = 0.88) and a low deviation from the gene tree. For the 44 species of Helianthus there are >4 X 1O64 different topologies (Nei 1987, pp. 290-291) . In view of the large number of possible trees, the fact that both molecular (i.e., UPGMA and NJ methods) and botanical approaches give almost the same result argues for the validity of the trees presented.
The factor analysis gives a slightly different approach to the results, in particular because it does not allow connections between samples. However, the description of Helianthus, based upon the F matrix, is similar to that derived from morphology. The plane representation contains 58% of the information of the multidimensional cloud. This value is particularly high, in view of the large number of variables (44 samples) analyzed. Thus, we were able to deduce that the data are well structured and give significant information on the relations between the samples analyzed.
Phylogeny of the Genus
As previously indicated, the phylogenetic trees obtained by either the UPGMA method or the NJ method lead to satisfactory separation of organizational taxonomic units that correspond to botanical divisions; however, these groups are not connected in the same manner as described by Schilling and Heiser ( 198 1) . When the botanical classification is taken as a reference, the NJ method and the UPGMA method show almost the same grouping of the species, and the discrepancy of both molecular classifications is similar: 6 of the 28 non-Corona-S&s species are misclassified. However, the majority of the sections and series established by taxonomic analysis are grouped on the major branches of the trees. The Angustifolii, Pumilii, Ciliare, Atrorubentes, and Helianthus series are thus grouped and individualized, and the relations between these groups are comparable to those defined by the taxonomic classification. The two major differences are ( 1) the classification of H. petiolaris and H. neglectus as outside the pool of annual species and (2) the cleavage of the Corona-Solis series into two groups that correspond to diploid and polyploid species. The separation of H. petiolaris and H. neglectus may indicate the existence of two lineages of annual species in Helianthus, because, whereas botanical classification places them all within the Helianthus section, molecular phylogeny isolates these two species, for at least some ecotypes, at both the nuclear and the mitochondrial level (D. Crouzillat, personal communication ) . Factor analysis may be a useful tool to show the distribution of the species along an axis that could be interpreted as a major direction of differentiation among the species. The sets of species belonging to the same botanical group show a distribution, along the major axis of the plane representation, that is the same as that in the phenogram produced by the WPGMA analysis. That three independent methods (i.e., botanical classification, the NJ method, and factor analysis) give almost the same results, even though they are based on very different measures, hypotheses, and computation processes, is a good argument for the validity of the different classifications presented. Some discordances appear, but these can be explained with the exception of H. carnosus and H. gracilentus that were found misclassified in two independent studies (Gentzbittel et al. 1989 ). Undoubtedly, a weak point of this work is the analysis of only one individual per species. However, such a phylogenetic construction of an entire genus requires collections of wild species of Helianthus. With the exception of a few species, such as H. annuus, H. petiolaris, or H. bolanderi, these collections do not contain more than one population for a given species, and studying more than one individual would only provide information about the intrapopulation variability, and not about interpopulation variability. The latter may be expected to be much greater than the former, so that a survey of intrapopulation variability would not provide any information concerning overall intraspecific variability. Previous results (Debener et al. 1990; Miller and Tanksley 1990) have shown that the intraspecific variability could vary between species of the same genus but never be >50% of the between-accession diversity. In our case, intraspecific analysis of wild populations of H. annuus (data not shown) indicates that the variability within species is only one-fifth of that between species, as estimated in this study. However it cannot be excluded that a different sample of accessions for the same species would lead to slightly different phenograms.
The origin and development of the cultivated sunflower have long challenged botanists and breeders (Heiser 1955 ) , We propose a molecular phylogeny and a classification of the entire Helianthus genus that largely agree with the botanical description of this genus (Heiser et al. 1969; Schilling and Heiser 198 1; Rogers et al. 1982) . Such a molecular phylogeny of a genus by use of distance-matrix methods appears to have beenreported so far only for Sofanum species (Debener et al. 1990 ) and Lycopersicon species (Miller and Tanksley 1990) . Our results agree with previous studies on some species of the Helianthus section of the Helianthus genus (Rieseberg et al. 1988 (Rieseberg et al. , 1990 . However, as these works were based on ribosomal DNA and chloroplast DNA analysis, only indirect comparisons can be made. For example, Rieseberg et al. ( 1988) state that the weedy race of H. bolanderi did not originate through introgression of genes from H. annuus, in accordance with our analysis indicating that these two species are, from the nuclear point of view, relatively distant.
If we propose an average substitution rate of 6 X 1-Oe9 substitutions/site/year (Ochman and Wilson 1987; Wolfe et al. 1987 Wolfe et al. , 1989 , then the period of divergence of Helianthus species is estirpabed as 1 l-15 Mya. These data are consistent with previous results (cited by Jansen and Palmer .1987~;suggesting that the Compositae originated in t&middle Oligocene-( >3@%4ya) :Distance-matrix methods, based on the fragmnt method of RFLP aaysis, are very convenient tools for the phylogenetic approach, based on large-scale survey or on precious and rare samples. Our results suggest that both the molecular phylogeny that we have obtained and the factor analysis-based classification are in agreement with the taxonomic description of Heliunthus. Some discrepancy is observed; however, we do not feel compelled to revise the botanical classification on the basis of the molecular trees. An estimation of variation in nuclear distances indicates a low level of imprecision in the results obtained. The reliability of the results could be increased by enlarging the data sets, but limitations would be imposed both by the limited accessibility of extensive plant collections and by computer capacity. 
